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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an ink-jet recording 
apparatus in which ink drops are ejected so as to be 
deposited on a surface of recording paper only when 
recording is required. In particular, the present invention 
relates to a small-sized high-density ink-jet recording 
apparatus produced through application of a micro-, 
machining technique, and relates to a method for pro- 
ducing an ink-jet head as a main part of such an ink-jet 
recording apparatus. 

Description of the Prior Art 

Ink-jet recording apparatuses are advantageous in 
many points that noise is extremely low at the time of 
recording, high-speed printing can be made, the degree 
of freedom of ink is so high that inexpensive ordinary 
paper can.be used, and so on. .Among those ink-jet 
recording apparatuses, an ink-on-demand type appara- 
tus in which ink drops are ejected only when recording 
is required has been the focus of attention because it is 
not necessary to recover ink drops unnecessary for 
recording. 

In such an ink-on-demand type apparatus, as 
described, for example, in Japanese Patent Postex- 
amin. Publication No. Hei-2-51734. corresponding to 
US4339763A, a print head is constituted by: a plurality 
of nozzle openings arranged in parallel to each other to 
eject ink drops therefrom: a plurality of independent 
ejection chambers respectively communicated with the 
corresponding nozzle openings and each haying walls 
one of which is partly formed to serve as a diaphragm; 
a plurality of piezoelectric elements respectively 
attached on the corresponding diaphragms so as to 
serve as electromechanical transducers; and a com- 
mon ink cavity for supplying ink to the each of the ejec- 
tion chambers. In such a print head, upon application of 
a printing pulse voltage to any one of the piezo electric 
elements, the diaphragm corresponding to the one pie- 
. zoelectric . element. is . mechanically. distorted so that the. 
volume of the ejection chamber corresponding to the 
diaphragm is reduced and the pressure in the chamber 
is increased instantaneously. As a result, an ink drop Is 
ejected from the corresponding one of the nozzle open- 
ings toward recording paper. 

In the aforementioned structure of. the conventional 
ink-jet recording apparatus, however, much labor as 
well as much time are required for mounting such piezo- 
electric elements on the ejection chambers because the 
piezoelectric elements must be stuck onto the outside of 
the ejection chambers through glass or resin plates 
forming the diaphragms or must be arranged in the 
inside of the ejection chambers. Particular in the latest 



printers, both a high speed and a high printing quality 
are required so that there is a tendency that the number 
of the nozzle openings for ejecting ink drops are 
increased. Piezoelectric elements corresponding to the 

5 nozzle openings are machined by dicing or by means of 
a wire saw and then placed in predetermined positions 
through an adhesive agent or the like. In the case of a 
high-density ink-jet recording apparatus having a large 
number of nozzle openings, if machining is required to 

10 provide the piezoelectric elements, there is a limitation 
from the viewpoints of machining capability, mechanical 
. accuracy and dimensional accuracy. 

Further, there have been distortion errors of the pie- 
zoelectric elements due to scattering in production of 

15 piezoelectric elements per se. and in some cases, there 
have been occurrence of variations in ink ejection speed 
from the respective nozzle openings. 

Further, electrodes for driving the piezoelectric ele- 
ments are respectively formed in the piezoelectric ele- 

20 ments per se and then the piezoelectric elements are 
stuck onto a substrate through an adhesive agent. 
Accordingly, not only the electrodes must be formed 
individually in the respective piezoelectric elenients but 
the driving efficiency of the ink-jet recording apparatus 

25 is lowered because an adhesive agent layer is inter- 
posed between the substrate and the piezoelectric ele- 
ments so that it is made difficult to elongate the lifetime 
of the ink-jet recording apparatus. 

Other than the above system in which the dia- 

30 phragms are driven by the piezoelectric elements, there 
is a system in which the ink in the ejection chambers is 
heated (Japanese Patent Postexamin. Publication No. 
Sho-61 -59911). In this system, specifically, the ink in 
the ejection chambers is heated by a heater so that the 

35 pressure in the ejection chambers is increased by the 
generation of bubbles caused by evaporation of the ink 
to thereby eject-ink drops from the chambers. This heat- 
ing ^system has an advantage in that heating resistors 
can be formed of thin-film resistors of TaSi02. NiWP or 

40 the like by sputtering. CVD, evaporating deposition, plat- 
ing, or the like. The system, however, has a problem in 
that the lifetime of the head itself is short because the 
heating resistors are injured by repetition of heat- 
ing/quenching and shock at the time of the breaking of 

.45. .. bubbles in theJnk. 

US Patent No. 4, 520. 375 discloses an ink-jet 
device in which a diaphragm is distorted by the applica- 
tion of a pulse voltage from an electric source to a pair 
of spaced capacitor plates. This device suffers from the 

50 drawback that pulsing of the voltage leads to flow back 
and forth of the ink between the reservoir and the 
source. The ink is not reliably ejected from the nozzle. 
Moreover, it is difficult to maintain the necessary high 
precision gap between the capacitor plates because 

55 they are separated by insulating means which is itself 
subject to flexure. 
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SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an ink-jet recording apparatus which is small in 
size, high in density, high in printing speed, high in print- s 
ing quality, long in life and high in reliability, by employ- 
ing a driving system using electrostatic force instead of 
the aforementioned system using piezoelectric ele- 
ments or heating elements as means for driving dia- 
phragms or vibration plates of ejection chambers. 10 

It is another object of the present invention to pro- 
vide an ink-jet recording apparatus having a structure 
which is formed by application of a micro-machining 
technique and which is suitable for mass-production 
thereof. '5 

. It is a further object of the present irf&ention to pro- 
vide a method suitable for production of an ink-jet head 
as a main jDart of the ink-jet recording apparatus which 
can attain the foregoing objects. 

To attain the foregoing objects, according to the so 
present invention, there is provided an ink-jet recording 
apparatus comprising an ink-jet head formed by lami- 
nating at least three substrates and having a plurality of 
nozzle openings, a corresponding plurality of ejection 
chambers respectively communicating with said nozzle 2S 
openings, from which ink drops are ejected due to the 
deformation of a diaphragm formed in each of said ejec- 
tion chambers, and drive means for distorting said dia- 
phragms by electrostatic force obtained by applying 
pulse voltage to said ink-jet head, said apparatus being 30 
characterised by comprising: 

a silicon substrate having at least a plurality of first 
concave portions each constituting a part of the or 
each 'ejection chamber, a second concave portion 3S 
constituting a part of a common ink cavity for sup- 
plying ink to said ejection chambers, and a plurality 
of grooves, each groove being shallower than said 
first or second concave portion, and serving as an 
orifice between said ejection chamber and said 40 
common ink cavity, and 

an upper substrate and a lower substrate bonded to 
said silicon substrate thereby forming said ejection 
chamber together with said ink cavity and said ori- 
fices, and provided with electrodes opposed to said 45 

diaphragms, each of which forms the bottompart of 

each of said first concave portions, there being a 
gap provided between the diaphragms and the 
lower substrate. 

.50 

The operational principle of the ink-jet recording 
apparatus is as follows. When a pulse voltage is applied 
to one electrode, the corresponding diaphragm is 
attracted and . distorted by the negative or positive 
charge on the surface of the diaphragm and the positive ss 
or negative charge on the surface of the electrode cor- 
responding the diaphragm. Then, the volume of the cor- 
responding ejection chamber is reduced by the 



441 B1 4 

restoring force of the diaphragm when the electrode is 
made off. As a result, the pressure in the ejection cham- 
ber is increased instantaneously to thereby eject an ink 
drop from the corresponding nozzle opening. Because 
.the driving of the diaphragms is controlled by such an 
electrostatic action, not only this apparatus can be pro- 
duced by a micro-machining technique but the appara- 
tus can be made small in size, high in density, high in 
printing speed, high in printing quality, and long in life- 
time. 

According to the present invention, preferably, the 
ink-jet head has a lamination structure formed by bond- 
ing at least three substrates stacked one on another, the 
ejection chambers respectively having bottom portions 
used as the diaphragms are provided on an intermedi- 
ate one of the substrates, and the electrodes are pro- 
vided on a lowermost one of the substrates so that the 
electrodes are closely opposite to the diaphragms 
respectively and correspondingly. Although the respec- . 
tive rear walls of the ejection chambers can be used as 
the diaphragms, the respective bottom walls of the ejec- 
tion chambers are used as the diaphragms through a 
lamination structure formed by bonding at least- three 
substrates in order to make the apparatus thinner. It is 
preferable that the electrodes are coated with an insu-* 
lating film, not only to protect the electrodes but to pre- 
vent the electrodes from short-circuiting with the 
diaphragms. 

To increase the pressure in each of the ejection 
chambers, the upper and lower walls of the ejection 
chamber may be constituted by diaphragms. In this 
case, the electrodes are provided correspondingly to 
the respective diaphragms so as to synchronously drive 
the con-esponding diaphragms. Accordingly, the driving 
voltages of the electrodes can be set to lower values. 

Further, preferably, each of the diaphragms is 
shaped to be a rectangle or a square and each of the 
diaphragms is supported through bellows-like grooves 
formed on two opposite sides of or on four sides of.the 
. rectangle or square, or alternatively, supported by one 
side of the rectangle or square in the form of a canti- 
lever, so that the quantity of displacement of the dia- 
phragm is made large. In the case of the cantilever type 
diaphragm, insulating ink is used because there is a 
possibility that ink becomes into contact with the elec- 
trode pprtiori to rnake the electrodes shorted to make 
power supply possible. 

Further, preferably, a pair of. first and second, elec- 
trodes may be provided for each diaphragm in order to 
increase the electrostatic action more effectively. In this 
case, the two electrodes may be arranged so that the 
first electrode is provided inside a vibration chamber 
just under the diaphragm while the second electrode is 
provided outside the vibration chamber, or, alternatively, 
both the two electrodes may be arranged inside the 
vibration chamber the twp electrodes being connected 
to an oscillation circuit so that electric pulses opposite to 
each other in polarity are respectively alternately 
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applied to the two electrodes. Further, by providing a 
metal electrode opposite to the electrode in the dia- 
phragm, the speed of injection/disappearance of charge 
can be made high so that it is made possible to realize 
driving by higher-frequency pulses to thereby obtain a 
performance of high speed printing. 

Further, it is preferable that each vibration chamber 
is made to communicate with the air through an air pas- 
sage. The electrodes can be respectively correspond- 
ingly disposed in concave portions formed in the 
substrate. 

The nozzle openings may be arranged at equal 
intervals in an end portion of the intermediate one of the 
stacked substrates in the form of a so-called edge ink- 
jet type. Alternatively, the nozzle openings may be 
arranged at equal intervals in the upper one of the 
stacked substrates just above the eject ion chambers in 
the form of a so-called face ink-jet type. 

The method for producing the ink-jet according to 
the present invention is asset out in claim 14. 

Being in the form of a monocrystal. silicon can be 
subjected to anisotropic etching. For example, the (100) 
face can be etched regularly in the direction of 55'. The 
(111) face can be etched in the direction of 90*. By 
using this property of silicon, it is possible to form the 
respective important parts, such as nozzle openings, 
ejection chambers, orifices, an ink cavity, etc.. with high . 
accuracy. Finally, the silicon nozzle substrate and the 
electrode substrate (constituted by a glass or insulating 
plate which is near in thermal expansion. coefficient to 
silicon) in which electrodes and an insulating film are 
formed are put on each other and heated at a tempera- 
ture of 300'C to 500°C- At the same time, a voltage of 
the order of hundreds of volts is applied between the sil- 
icon side as an anode and the electrode substrate side 
as a cathode to stick the substrate to each other through 
anodic bonding. Thus, an ink-jet head being high in air- 
tightness can be produced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an exploded perspective view partly in sec- 
tion, showing main parts of a first embodiment of 
the present invention; 

Fig. 2 is a sectional side view of the first embodi; 
ment of Fig. 1 after assembly; 
Fig. 3 is a view taken on line A - A of Fig. 2; 
Figs. 4A and 4B show explanatory views concern- 
ing the design of a diaphragm. Fig. 4A being an 
explanatory view showing the size of a rectangular 
diaphragm. Fig. 4B being an explanatory view for 
calculating ejection pressure and ejection quantity; 
Fig. 5A is a graph showing the relationship between . 
the length of the short side of the diaphragm and 
the driving voltage and Fig. 58 is shown a detail of 
the diaphragm portion; 

Fig. 6 is a sectional view of a second embodiment 
of the present Invention; 



Fig. 7 is a sectional view of a third embodiment of 
the priBsent invention; 

Fig. 8 is a sectional view of a fourth embodiment of 

the present invention; 
5 Figs. 9 A and 9B are views taken on line B - B of Rg. 

8 and showing the case where bellows grooves are 

formed onthe two opposite sides of the diaphragm 

and the case where bellows grooves are formed on 

all the four sides of the diaphragm; 
10 Fig. 10 is a sectional view of a fifth embodiment of 

the present invention; 

Fig. 1 1 is a sectional view of a sixth embodiment of 
the present invention; 

Fig. 12 is a sectional view of a seventh embodiment 
75. of the present invention; 

Fig. 13 is a sectional view of an eighth embodiment 
of the present invention; 

Fig. 14 is a sectional view of a ninth embodiment of 
the present invention; 
20 Rg. 15 is a sectional view of a tenth embodiment of 
the present invention; 

Fig. 16 shows views of the steps of producing the 
nozzle substrate according to the present invention; 
and 

25 Rg. 17 shows views of the steps of producing the 
electrode substrate according to the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED EMBODI- " 
30 MENTS 

Embodiments of the present invention will be 
described hereunder with reference to the drawings. 

35 Embodiment 1 • 

Rg. 1 is a partly exploded perspective view partly in 
section, of an ink-jet recording apparatus according to a 
first embodiment of the present invention. The illus- 

40 trated embodiment relates to an edge ink-jet type appa- 
ratus in which ink drops are ejected from nozzle 
openings formed in an end portion of a substrate. Fig. 2 
is a sectional side view of the whole apparatus after 
assembly. Fig. 3 is a view taken on line A - A of Fig. 2. 

45 As shown in the drawings an ink-jet head 12 as a 
main portion of an ink-jet recording apparatus 10 has a 
lamination structure in which three substrate 1 . 2 and 3 
are stuck to one another as will be described hereunder. 
An intermediate substrate 2 such as a silicon sub- 

50 strate has: a plurality of nozzle grooves 21 arranged at 
equal intervals on a surface of the substrate and extend- 
ing in parallel to each other from an end thereof to form 
nozzle openings; concave portions 22 respectively 
communicated with the nozzle grooves 21 to form ejec- 

55 tion chambers 6 respectively having bottom walls serv- 
ing as diaphragms 5; fine grooves 23 respectively 
provided in the rear of the concave portions 22 and 
serving as ink inlets to form orifices 7; and a concave 



4 



7 EP 0 479 

portion 24 to form a common ink cavity 8 for supplying 
in to the respective ejection chambers 6. Further, con- 
cave portions 25 are respectively provided under the 
• diaphragms 5 to form vibration chambers 9 so as to 
mount electrodes as will be described, later. The nozzle 5 
grooves 21 are arranged at intervals of the pitch of 
about 2mm. The width of each nozzle groove 21 is . 
selected to be about 40 fim. 

For example, the upper substrate 1 stuck onto the 
upper surface of the intermediate substrate 2 is made io 
by glass or resin. The nozzle openings 4, the ejection 
chambers 6, the orifices 7 and the ink cavity 8 are 
formed by bonding the upper substrate 1 on the inter- 
mediate substrate 2. An ink supply port 14 communi- 
cated with the ink cavity 8 is formed in the upper 75 
substrate 1. The ink supply port 14 is connected to an 
ink tank not shown, through a connection pipe 14 and a 
tube 17. 

For Example, the lower substrate 3 to be bonded on 
the lower surface of the intermediate substrate 2 is an 20 
insulating substrate consisting of, for example glass. - 
The vibration chambers 9 are formed by bonding the 
lower substrate 3 on the intermediate substrate 2. At the 
same time, electrodes 31 are formed on a surface of the 
lower substrate 3 and in positions corresponding to the 25 
respective diaphragms 5. Each of the electrodes 31 has 
a lead portion 32 and a terminal portion 33. The elec- 
trodes 31 and the lead portions 32 except the terminal 
portions 33 are covered with an insulating film 34. The 
terminal portions 33 are respectively correspondingly 30 
bonded to lead wires 35. 

The substrates 1 . 2 and 3 are assembled to consti- 
tute an ink-jet head 12 as shown in Fig. 2. Further, oscil- 
lation circuits 26 are respectively con-espondingly 
connected between the terminal portions 33 of the elec- 3S 
trodes 31 and the intermediate substrate 2 to thereby 
constitute the ink-jet recording apparatus 10 having a 
lamination structure according to the present invention. 
Ink 1 1 is supplied from the ink tank (not shown) to the 
inside of the intermediate substrate 2 through the ink 40 
supply port 14. so that the ink cavity 8. the ejection 
chambers 6 and the like are filled with the ink. The dis- 
tance c between the electrode 31 and the correspond- 
ing diaphragm 5 is kept to be about 1 ^im. In Fig. 2. the 
reference numeral 13 designates an ink drop ejected 4S 

<Jesignates from the nozzle opening A.-and 15 desig 

nates recording paper. The ink used is prepared by dis- 
solving/dispersing a surface active agent such as 
ethylene glycol and a dye (or a pigment) into a main sot- 
vent such as water, alcohol, toluene, etc. Alternatively so 
hot-melt ink may be used if a heater or the like is pro- 
vided in this apparatus. 

in the following, the operation of this embodiment is 
described. For example, a positive pulse voltage gener- 
ated by one of the oscillation circuits 26 is applied to the 55 
corresponding electrode 31. When the surface of the 
electrode 31 is charged with electricity to a positive 
potential, the lower surface of the corresponding dia- 
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phragm 5 is charged with electricity to a negative poten- 
tial. Accordingly the diaphragm 5 is distorted downward 
by the action of the electrostatic attraction. When the 
electrode 31 is then made off, the diaphragm 5 is 
restored. Accordingly the pressure in the ejection 
chamber 6 increases rapidly so that the ink drop 13 is 
ejected from the nozzle opening 4 onto the recording 
paper 15. Further, the ink 11 is supplied from the ink 
cavity 8 to the ejection chamber 6 through the orifice 7 
by the downward distortion of the diaphragm 5. As the 
oscillation circuit 26. a circuit for alternately generating a 
zero voltage and a positive voltage, an AC electric 
source, or the like, may be used. Recording can be 
made by controlling the electric pulses to be applied to 
the electrodes 31 of the respective nozzle openings 4. 

Here, the quantity of displacement, the driving volt- 
age and the quantity of ejection of the diaphragm 5 are 
calculated in the ca?e where the diaphragm 5 is driven 
as described above. 

The diaphragm 5 is shaped like a rectangle with 
short side length 2a and long side length b. The four 
sides of the rectangle are supported by surrounding 
walls. When the aspect ratio {b/2a) is large, the coeffi- 
cient approaches to 0.5, and the quantity of displace- 
ment of the thin plate (diaphragm) subjected to pressure 
P can be expressed by the following formula because 
the quantity of displacement depends on a 

w = 0.5.x Pa"* /Eh ^ (1) 

In the formula. 

w: the quantity of displacement (m) 

p: pressure (N/m^) 

a: a half length(m) of the short side 

h: the thickness k(m) of the plate (diaphragm) 

E: ' Young's modulus (N/m^. silicon 1 1 x 10^° Wrrr) 

Tne pressure of attraction by electrostatic force can be 
expressed by the following formula. 

P = 1/2x £ X (V/t)^ 

In the formula, 

e: the dielectric constant (F/m, the dielectric con-, 

stant in vacuum: 8.8 x 10*''^ F/ni) 
V: the voltage (V) 

t: the distance (m) between the diaphragm and the 
electrode 

Accordingly the driving voltage V required for 
acquiring necessary ejection pressure can be 
expressed by the following formula. 

V = t(2P/£) (2) 

In the following, the volume of a semicylindrical 
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shape as shown in Fig. 4(B) is calculated to thereby cal- 
culate the quantity of ejection. 

The following formula can be obtained because the 
equation Aw = 4/3 x abw is valid. 

w-3/4xAw/ab (3) 

When the formula (3) is substituted into the equa- 
tion P = 2w X Eh^/a^ obtained by rearranging the for- 
mula (1). the following formula(4).can be obtained. 

P = 3/2x AEh^/a^b (4) 

When the formula (4) is substituted into the formula 
(2). the following formula can be obtained. 

V = tx(3Eh^ Aw/eb)''^ xCl/a^)"^ (5) 

That is, the driving voltage required for acquiring 
the quantity of ejection of ink is expressed by the for- 
mula (5). 

The allowable region of ink ejection as shown in 
Fig. 5A can be calculated on the basis of the formulae 
(2) and (5). Fig. 5A shows the relationship between the 
short side length 2a{mm) and the driving voltage (V) in 
the case where the long side length b of the silicon dia- 
phragm, the thickness h thereof and the distance c 
between the diaphragm and the electrode are selected 
to be 5mm. 80 fim and 1 fim respectively. The ejection 
allowable region 30 is shown by the oblique lines in Fig. 
5 A when the jet (ejection) pressure P is 0.3 atm. 

Although it is more advantageous for the diaphragm 
to make the size of the diaphragm larger, the appropri- 
ate width of the nozzle in the direction of the pitch is 
within a range of from about 0.5mm to about 4.0mm in 
order to rnake the nozzle small in size and high in den- 
sity. 

The length of the diaphragm is determined accord- 
ing to the formula (4) on the basis of the quantity of ejec- 
tion of ink as a target, the Young's modulus of the silicon 
substrate, the ejection pressure thereof and the thick- 
ness thereof. 

When the width is selected to be about 2mm, it is 
necessary to select the thickness of the diaphragm to 

be. about 50 urn or more, on the x:ons.ide_ration of the._ 

ejection rate. If the diaphragm is extremely thicker than 
the above value, the driving voltage increases abnor- 
mally as obvious from the formula (5). If the diaphragm 
is too thin, the ink-jet ejection frequency cannot be 
obtained. That is. a large lag occurs In the frequency of 
the diaphragm relative to the applied pulses for ink jet- 
ting. 

After the ink-jet head 12 in this embodiment was 
assembled into a printer, ink drops were flown in the 
rate of 7m/sec by applying a voltage of 150 V with 5KHz. 
When printing was tried at a rate of 300 dpi. a good 
result of printing was obtained. 

Though not shown, the rear wall of the ejection 



chamber may be used as a diaphragm. The head Itself, 
however, can be more thinned by using the bottom wall 
of the ejection chamber 6 as a diaphragm as shown in 
this embodiment. 

5 

Embodiment 2 

Rg. 6 is a sectional view of a second embodiment 
of the present invention showing an edge ink-jet type 

10 apparatus similarly to the first embodiment. 

In this embodiment, the upper and lower walls of 
the ejection chamber 6 are used as diaphragms 5a and 
5b. Therefore, two intermediate substrates 2a and 2b 
are used and stuck to each other through the ejection 

75 chamber 6. The diaphragms 5a and 5b and vibration 
chambers 9a and 9b are respectively formed in the sub- 
■ strates 2a and 2b. The substrates 2a and 2b are 
arranged symmetrically with , respect to a horizontal 
plane so that the diaphragms 5a and 5b form the upper 

20 and lower walls of the ejection chamber 6. The nozzle 
opening 4 is formed in an edge junction surface 
between the two substrates 2a and 2b. Further, elec- 
trodes 31 a and 31b are respectively provided on the 
lower surface of the upper substrate 1 and on the upper 

25 surface of the lower substrate 3 and respectively 
mounted into the vibration chambers 9a and 9b. Oscilla- 
tion circuits 26a and 26b connected respectively 
between the electrode 31a and the Intermediate sub- 
strate 2a and between the electrode 31b arid the inter- 

30 mediate substrate 2b. 

In this embodiment, the diaphragms 5a and 5b can 
be driven by a lower voltage because an ink drop 13 can 
be ejected from the nozzle opening 4 by symmetrically 
vibrating the upper and lower diaphragms 5a and 5b of 

35 the ejection chamber 6 through the electrodes 31a and 
31b. The pressure in the ejection chamber 6 is 
increased by the diaphragms 5a and 5b vibrating sym- 
metrically with respect to a horizontal plane, so that the 
printing speed is improved, 

.<o 

Embodiment 3 

The following embodiments show face Ink-jet type 
apparatus in which ink drops are ejected from nozzle 
openings provided in a surface of a substrate.' The 
object of the embodiments is to drive diaphragms by a 
lower voltage. The embodiments can be applied to the 
aforementioned edge ink jet type apparatus. 

Rg. 7 shows a third embodiment of the present 
so invention in which each circular nozzle opening 4 is 
formed In an upper substrate 1 just above an ejection 
chamber 6. The bottom wall of the ejection chamber 6 is 
used as a diaphragm 5. The diaphragm 5 is formed on 
an intermediate substrate 2. Further, an electrode 31 is 
55 formed on a lower substrate 3 and in a vibration cham- 
, ber 9 under the diaphragm 5. An ink supply port' 14 is 
provided in the lower substrate 3. 

In this embodiment, an ink drop 13 is ejected from 
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the nozzle opening 4 provided in the upper substrate, 
through the vibration of the diaphragm 5. Accordingly, a 
large number of nozzle openings 4 can be provided in 
one head, so that high-density recording can be made. 

Embodiment 4 

In this embodiment, as shown in Figs.8. 9A and 9B. 
each diaphgragm 5 is supported by at least one bel- 
lows-shaped groove 27 provided on the two opposite 
sides (see Fig. 9A) or four sides (see Fig.SB) of a rec- 
tangular diaphragm 5 to thereby make it possible to 
increase the quantity of displacement of the diaphragm 
5. Ink in the ejection chamber 6 can be pressed by a 
surface of the diaphragm 5 perpendicular to the direc- 
tion of ejection of ink. so that the ink drop 13 can be 
flown straight. 

Embodiment 5 

In this embodiment, the rectangular diaphragm 5 is 
formed as a cantilever type diaphragm supported by 
one short side thereof. By making the diaphragm 5 be of 
the cantilever type, the quantity of displacement of the 
diaphragm 5 can be increased without making the driv- 
ing voltage high. Because the ejection chamber 6 
becomes communicated with the vibration chamber, 
however, it is necessary that insulating ink is used as 
the ink 1 1 to secure electrical insulation of the ink from 
the electrode 31. 

Embodiment 6 

In this embodiment, two electrodes 31c and 3ld are 
provided for each diaphragm 5 as shown in Fig. 11 so 
that the two electrodes 3lc and 31d drive the dia- 
phragm 5. 

In this embodiment, the first electrode 31 c is 
arranged inside a vibration chamber 9. and. on the other 
hand, the second electrode 3ld is arranged outside the . 
vibration chamber 9 and under an intermediate sub- 
strate 2. An oscillation circuit 25 is connected between 
the two electrodes 31c and 3id, and ON-OFF of the 
.voltage application to the electrodes 31c and 3ld is 
repeated to thereby drive the diaphragm 5. 

According to this structure; the driving portion is 
electrically independent because the silicon substrate 2 . 
is not used as a common electrode unlike the previous 
embodiment. Accordingly, ejection of ink from an unex- 
pected nozzle opening can be prevented when a nozzle 
head adjacent thereto is driven. Further, in the case of 
using a high resistance silicon substrate, or in the case 
where a high resistance layer is formed, though not 
shown n Fig. 1 1 . on the surface of the silicon substrate 
2. pulse voltages opposite to. each other in polarity may 
be alternately applied to the two electrodes 31c and 3ld 
to thereby drive the diaphragm 5. In this case, not only 
electrostatic attraction as described above but repulsion 



act on the diaphragrn 5. Accordingly, ejection pressure 
can be increased by a lower voltage. 

Embodiment 7 

5 . 

In this embodiment, as shown in Fig. 12. boih of the 
electrode 31c and 3ld are arranged inside the vibration 
chamber 9 so that the diaphragm 5 is driven by surface 
polarization of silicon. That is. in the same manner as in 
10 the embodiment of Fig. 11, ON-OFF of the voltage 
application to the electrodes 31c and 31d is repeated to 
thereby drive the diaphragm 5. Further, in the same 
manner as in the Embodiment 6. in the case of using a 
high resistance silicon substrate, or in the case where a 
16 high resistance layer is formed, though not shown in 
Fig. 12, on the surface of the silicon substrate 2. pulse 
voltages opposite to each other in polarity may be alter- 
nately applied to the two electrodes 31c and 31 d to 
thereby drive the diaphragm. 5. This embodiment is 
however different from the embodiment of Fig, 1 1 in that 
there is no projection of the electrodes between the 
intermediate substrate 2 and the lower substrate 3. 
Accordingly, in this embodiment, the two substrates can 
be bonded with each other easily 
25 . . . 

Embodiment 8 

In this embodiment, as shown in Fig. 13. a metal 
electrode 31 e is provided on the lower surface of the 

30 diaphragm 5 so as to be opposite to the electrode 31. 
Because electric charge is not supplied to the dia- 
phragm 5 through the silicon substrate 2 but supplied to 
the metal electrode 31 e formed on the diaphragm 5 
through metal patterned lines, the charge supply rate 

35 can be to increased to thereby make high-frequency 
driving possible. 

Embodiment 9 

40 . In this embodiment, as shown in Fig. 14. an air vent 
or passage 28 is provided to well vent air in the vibration 
chamber 9. Because the diaphragm 5 cannot be 
vibrated easily when the vibration chamber 9 just under 
the diaphragm 5 is high in air tightness, the air vent 28 
is provided between the intermediate substrate 2 and 
the lower substrate 3 In order to release the pressure in. 
the vibration chamber 9. 

Embodiment 10 

In this embodiment, as shown in Fig. 15, the elec- 
trode 31 for driving the diaphragm 5 is formed in a con- 
cave portion 29 provided in the lower substrate 3. The 
short circuit of electrodes caused by the vibration of the 
55 diaphragm 5 can be prevented without providing any 
insulating film for the electrode 31 . 

In the following, an embodiment of a method for 
producing the aforementioned ink-jet head 12 is 
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described. Description will be made with respect to the 
structure of Fig. 1 as the central subject. The nozzle 
grooves 4. the diaphragm 5. the ejection chambers 6. 
the orifices 7. the ink cavity 8. the vibration chambers 9 
etc., are formed in the intermediate substrate (which is 
also called "nozzle substrate") 2 through the following 
steps. 

(1) Silicon Thermally Oxidizing Step (Diagram of Fig. 
16A) 

A silicon monocrystal substrate 2 A of face orienta- 
tion (100) was used. Both the opposite surfaces of the 
substrate 2A were polished to a thickness of 280 um. 
Silicon was thermally oxidized by heating the Si sub- 
strate 2A in the air at 1 1 0O'C for an hour to thereby form' 
a 1 fim-thick oxide film 2B of SiOg on the whole surface 
thereof. 

(2) Patterning Step (Diagram of Fig. 168) 

A resist pattern 2C was formed through the steps 
of: successively coating the two surfaces of the Si sub- 
strate 2A with a resist (OMR-83^ made by TOKYO 
OHKA) by a spin coating method to form a resist film 
having a thickness of about 1 um; and making the resist 
film subject to exposure and development to form a pre- 
determined pattern. The pattern determining the form of 
the diaphragm 5 was a rectangle with a width of 1mm 
and with a length of 5mm. In the embodiment of- Fig.7, 
the form of the diaphragm was a square having an each 
side length of 5mm. 

Then, the Si02 film 2B was etched under the follow- 
ing etching condition as shown in the drawing. While a 
mixture solution containing six parts by volume of 40 
wt% ammonium fluoride solution to one of 50 wt% 
hydrofluoric acid was kept at 20''C. the aforementioned 
substrate was immersed in the mixture solution for 10 
minutes. 

(3) Etching Step (Diagram of Fig. 16) 

The resist 2C was separated under the following 
etching condition. While a mixture solution containing 
four parts by volurne of 98 wt% sulfuric acid to one. of 30 
wt% hydrogen peroxide was heated to 90'c or higher, 
the substrate was immersed in the mixture solution for 
20 minutes to separate the resist 2C. Then, the Si sub- 
strate 2A was immersed in a solution of 20 wt% KOH at 
80*C for a minute to perform etching by a depth of 1 um. 
A concave portion 25 constituting a vibration chamber 9 
was formed by the etching. 

(4) Opposite Surface Patterning Step (Diagram of Fig 
16D) 

The Si02 film remaining in the Si substrate 2A was 
completely etched In the same condition as in the step 



(2). Then, a 1 ^m-thick SiOg film was formed over the 
whole surface of the Si substrate 2A by thermal oxidiza- 
tion through the same process as shown in the steps (1) 
and (2). Then, the SiOg film 28 on the opposite surface 
5 (the lower surface in the drawing) of the Si substrate 2A 
was etched into a predetermined pattern through a pho- 
tolithographic process. The pattern determined the form 
of the ejection chamber 6 and the form of the ink cavity 
8. 

w . 

(5) Etching Step (Diagram of Fig. 16E) 

The Si substrate 2A was etched by using the Si02 
film as a resist through the same process in the step (3) 

IS to thereby form concave portions 22 and 24 for the ejec- 
tion chamber 6 and the ink cavity 8. At the same time, a 
groove 21 for the nozzle opening 4 and the groove 23 of 
an orifice 7 were formed. The thickness of the dia- 
phragm 5 was 1 00 \im. 

20 In respect to the nozzle groove and the orifice 
groove, the etching rate in the KOH solution became 
very slow when the (111) face of the Si substrate, 
appeared in the direction of etching. Accordingly, the 
etching progressed no more, so that the etching was 

25 stopped with the shallow depth. When, for example, the 
width of the nozzle groove is 40 um. the etching is 
stopped with the depth of about 28 um. In the case of 
the ejection chamber or the ink cavity, it can be formed 
sufficiently deeply because the width is sufficiently 

30 larger than the etching depth. That is. portions different 
in depth can be formed at once by an etching process. 

(5) Si02 Film Removing Step (Diagram of Fig. 16F) 

35 Finally, a nozzle substrate having parts 21. 22. 23. 
24. 25 and 5. or in other words, an intermediate sub- 
strate 2. was prepared by removing the remaining Si02 
film by etching. 

In the embodiment in Fig. 7, an intermediate sub- 

40 strate having the aforementioned parts 22, 23. 24. 25 , 
and 5 except the nozzle . grooves 21 and a nozzle sub- 
strate (upper substrate 1) having nozzle openings 4 with 
the diameter 50 jim on a 280 fim-thick Si substrate were 
prepared in the same process as described above. 

45 In the.follp\wing. a method for formirig an ejectrode 

substrate (lower substrate 3) is described with reference 
to Fig. 17. 

(1) Metal Film Forming Step (Diagram of Fig. 17A) 

so 

A 1000 A-thick Ni film 38 was formed on a surface 
of a 0.7 mm-thick Pyrex™ glass substrate 3A by a sput- 
tering method. 

55 (2) Electrode Forming Step (Diagram of Fig. 17B) 

The Ni film 3B was formed into a predetermined 
pattern by a photolithographic etching technique. Thus, 
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the electrodes 31 . the lead portions 32 and the terminal 
portions 33 were formed. 

(3) Insulating Film Forming Step (Diagram of Rg. 1 7C) 

5 

Finally, the electrodes 31 and the lead portions 32 
(see Fig. 1) except the terminal portions 33 were com- 
pletely coated with an Si02 film as an insulating film by 
a mask sputtering method to form a film thickness of 
about 1 um to thereby prepare the electrode substrate lo 
3. 

. The nozzle substrate 2 and the electrode substrate 
3 prepared as described above were stuck to each other 
through anodic bonding. That is after the Si substrate 2 
and the glass substrate 3 were put on each other, the is 
substrates were put on a hot plate. While the substrates 
were heated at 300*C, a DC voltage of 500 V was 
applied to the substrates for 5 minutes with the Si sub- 
strate side used as an anode and with the glass sub- 
strate side used as a cathode to thereby stick the 20 
substrates to each other. Then, the glass substrate 
(upper substrate 1) having the ink supply port 14 formed 
therein was stuck onto the Si substrate 2 through the 
same anodic treatment. 

In the embodiment of Fig. 7. the nozzle substrate 1 25 
and the Si substrate 2 were stuck on each other through 
thermal compression. 

The ink-jet heads 12 respectively shown in Figs. 2 
and 7 were produced through the aforementioned proc- 
ess. 30 

Claims 

1 . An ink-jet recording apparatus comprising an ink-jet 
head formed by laminating at least three substrates 3S 
(1. 2. 3) and having a plurality of nozzle openings 
(4). a corresponding' plurality of ejection chambers 
(6) respectively communicating with said nozzle 
openings (4), from which ink drops are ejected due 
to the deformation of a diaphragm (5) formed in 40 
each of said ejection chambers, and drive means 
(26) for distorting said diaphragms (5) by electro- 
static force obtained by applying pulse voltage to 
said ink-jet head, said apparatus being character- 
ised by comprising: 4S 

a silicon substrate (2, 2a. 2b) having at least a 
plurality of first concave portions (22) each con- 
stituting a part of the or each ejection chamber 
(6), a second concave portion (24) constituting so 
a part of a common ink cavity (8) for supplying 
ink to said ejection chambers, and a plurality of 
grooves (23). each groove being shallower 
than said first or second concave portion, and 
serving as an orifice (7) between said ejection ss 
chamber and said common ink cavity, and 
an upper substrate (1) and a lower substrate 
(3) bonded to said silicon substrate thereby 



forming said ejection chamber together with 
said ink cavity and said orifices, and provided 
with electrodes (31. 31a. 31b) opposed to said 
diaphragms (5. 5a, 5b). each of which forms 
the bottom part of each of said first concave 
portions, there being a gap (c) provided 
between the diaphragms (5. 5a. 5b) and the 
lower substrate (3). 

•2. An ink-jet recording apparatus as claimed in claim 
1 , characterised in that at least one of said upper or 
lower substrates is of a glass type. 

3. An ink-jet recording apparatus as claimed in either 
claim 1 or claim 2. characterised In that said elec- 
trodes (31) are covered with an insulating film (34). 

4. An Ink-jet recording apparatus as claimed in any 
one of the preceding claims, characterised in that 
said silicon substrate consists of a first and a sec- 
ond silicon substrate (2a. 2b) attached to each 
other to form said ejection chamber, and further 
characterised in that upper and lower substrates 
are formed with electrodes (313. 31b) opposed to 
diaphragms (5a, 5b) with a gap therebetween. 

5. An ink-jet recording apparatus as. claimed in any 
one of the preceding claims, characterised in that 
each of said diaphragms (5) is shaped to be a rec- 
tangle or a square and is supported through bel- 
lows-like grooves (27) formed on two opposite sides 
of or on four sides of said rectangle or square. 

6. An ink-jet recording apparatus as claimed in any 
one of Claims 1 to 4. characterised in that each of 
said diaphragms (5) is shaped to be a rectangle or 
a square, one side of which is supported in the form 
of a cantilever, and insulating ink is used as said 
ink. 

7. An ink-jet recording apparatus as claimed in any 
one of the preceding claims, characterised in that 
said electrodes (31) are provided so that a pair of 
first and second electrodes are formed for each of 
said diaphragms (5), said first electrode (31) being 
disposed inside a vibration chamber (9) provided 
just urder said diaphragm (5), said second elec- 
trode (33) being disposed outside said vibration 
chamber (9). and in that an oscillation circuit is pro- 
vided so as to apply electric pulses opposite in 
polarity to each other alternately to said two elec- 

- trodes (31.33). 

8. An ink-jet recording apparatus as claimed in any 
one of Claims 1 to 6. characterised in that two elec- 
trodes (31) are disposed within a vibration chamber 
(9) provided adjacent each diaphragm (5). 



9 



17 



EP 0 479 441 B1 



18 



9. An ink-jet recording apparatus as claimed in any 
one of Claims 1 to 6. characterised in that metal 
electrodes are respectively correspondingly pro- 
vided in said diaphragms so that said metal elec- 
trodes are opposite to said electrodes (31). 

10. An ink-jet recording apparatus as claimed in either 
claim 7 or claim 8. characterised in that said vibra- 
tion chambers (9) communicate with the air through 
air passages. 

11. An ink-jet recording apparatus as claimed in any 
one of claims 1. 2, 3. 4. 7. 8 or 9 characterised in 
that said electrodes (31. 31a. 31b) are respectively 
provided in concave portions (25. 29) of said silicon 
or lower substrates (2. 3). 

12. An ink-jet recording apparatus as claimed in either 
claim 1 or claim 2. characterised in that said noz- 
zles (4) are arranged at equal intervals in an end 
portion of said silicon substrate (2). 

13. An ink-jet recording apparatus as claimed in any 
one of claims 1 to 10. characterised in that said 
nozzle openings (4) are arranged at equal intervals 
in the uppermost substrate (1). each above a 
respective ejection chamber (6). 

14. A method for producing an ink-jet head for an ink-jet 
recording apparatus, the method comprising the 
steps of: 

anisotropically etching a silicon substrate (2) 
on a first surface thereof, to form a plurality of 
concave portions (22, 24). the rims of which 
delineate a plurality of ejection chambers (6) 
having tx)ttom walls serving as diaphragms (5). 
a common cavity (8) and grooves (23) serving 
as ink inlets (7). the arrangement being such 
that a plurality of said grooves (23) communi- ' 
cates between an end of each ejection cham- 
ber (6) and the common cavity (8): 
bonding a first insulating substrate to said first 
surface of the silicon substrate (2). and 
forming electrodes (31) on a first surface of a 
second insulating substrate (3). and bonding 
said second insulating substrate (3) to the sur- 
face of the silicon substrate (2) opposite said 
first surface such that said electrodes (31) face 
said diaphragms (5) with a gap (c) therebe- 
tween. 

1 5. A method as claimed in claim 1 4 comprising the fur- 
ther step of anisotropically etching the silicon sub- 
strate (2) on the surface thereof opposite said first 
surface in register with said ejection chambers (6) 
to form vibration chambers' (9) beneath said dia- 
phragms (5). 



16. A method as claimed in claim 14 or claim 15 
wherein said second insulating substrate (3) has a 
concave portion (29) on which said electrodes (31) 
are formed. 

5 

17. A method as claimed in any one of claims 14 to 16 
comprising the further step of forming an insulating 
layer (34) on said electrodes (31). 

10 18. A method as claimed in any one of claims 14 to 17 
wherein said step of anisotropically etching said 
first surface of said silicon substrate further com- 
prises the formation of nozzle grooves (21) 
arranged at equal intervals on said first surface in 

75 communication with said concave portions (22) and 
intersecting one edge of said silicon substrate (2) at 
nozzle openings (4). 

19. A method as claimed in any one of claims 14 to 17 
20 wherein nozzle openings (4) are arranged at equal 
intervals in said first insulating substrate (1). each 
nozzle opening (4) being located above a respec- 
tive ejection chamber (6). 

25 20. A method as claimed in any one of claims 14 to 17 
wherein said second insulating substrate (3) is 
bonded to the surface of the silicon substrate (2) 
opposite said first surface by anodic bonding. 

30 Patentanspruche 

1. -Tintenstrahlaufzeichnungsgerat mit einem Tinten- 
strahlkopf. der durch Laminieren von zumindest 
drei Substraten (1. 2. 3) ausgebildet ist und eine 

35 Vielzahl von Dusenoffnungen (4) aufweist, mit einer 
entsprechenden Vielzahl von AusstoBkammern (6). 
die jeweils mit den entsprechenden Dusenoffnun- 
gen (4) kommunizieren, aus denen Tintentropfen 
aufgrund der Deformation einer Membran (5) aus- 

40 gestoBen werden. die in jeder dieser AusstoBkam- 
mern ausgebildet ist. und mit Antriebseinrichtungen 
(25) zum Auslenken dieser Membranen (5) mittels 
einer elektrostatischen Kraft, die erhalten wird 
durch Aniegen einer Impulsspannung an diesen 

45 Tintenstrahlkopf, wobei dieses Ger^t dadurch 
™ gekennzeichnet ist. daB es enthait: ' 

ein Silikonsubstrat (2. 2a. 2b) mit zumindest 
einer Vielzahl von ersten konkaven Abschnit- 

50 ten (22). die jeweils einen Teil von der oder von 

jeder AusstoBkammer (6) bilden, einen zweiten 
konkaven Abschnitt (24). der einen Teil eines 
gemeinsamen Tintenhohlraumes (8) bildet fur 
die Zufuhrung von Tinle zu diesen AusstoB- 

55 kammern, und eIne Vielzahl von Rinnen (23). 

wobei jede Rinne seichter ist als dieser erste 
Oder zweite konkave Abschnitt und als eine 
Offnung (7) zwischen dieser AusstoBkammer 



10 



19 



EP 0 479 441 B1 



20 



' und diesem gemeinsamen Tintenhohlraum 
dient. und 

ein oberes Substrat (1) sowie ein unteres Sub- 
strat (3). die mit diesem Silikonsubstrat verbun- 
den sind, wodurch diese AusstoBkammer s 
zusammen mit diesem Tintenhohlraum und 
diesen Offnungen ausgebildet ist. und mit Elek- 
troden (31, 31a. 31b) versehen sind, die diesen 
Membranen (5. 5a. 5b) gegenuberliegen, 
wovpn jede den Bodenabschnitt von jedem die- ic- 
ser ersten konkaven Abschnitte bildet. wobei 
zwischen den Membranen (5. 5a. 5b) und dem 
unteren Substrat (3) eine Lucke (c) ausgebildet 
ist. 

75 

.2. Tintenstrahlaufzeichnungsgerat nach Anspruch 1. . 
dadurch gekennzeichnet, da3 zumindest eines 
dieser oberen oder upteren Substrate ein Substrat 
eines Glas-Typs ist. 

20 

3. Tintenstrahlaufzeichnungsgerat errtweder nach 
Anspruch 1 oder. nach Anspruch 2, dadurch 
gekennzeichnet, da3 diese Elektroden (31) mit 
einem Isolationsfilm (4) abgedeckt sind. 

25 

4. Tintenstrahlaufzeichnungsgerat nach einem der 
vorstehenden Anspruche. dadurch gekennzeich- 
net, da6 dieses Silikonsubstrat aus einem ersten 
und aus einem zweiten Silikonsubstrat (2a. 2b) 
besteht, die miteinander verbunden sind, um diese so 
AusstoBkammer auszubilden, und des weiteren 
dadurch gekennzeichnet. da(3 die oberen und unte- . 
ren Substrate mit Elektroden (3la. 31b) ausgeformt 
sind. die den Membranen (5a. 5b) gegenuberlie- 
gen. wobei eine Lucke dazwischen ausgebildet ist. 35 

5. Tintenstrahlaufzeichnungsgerat nach einem der 
vorstehenden Anspruche. dadurch gekennzeich- 
net, daf3 jede dieser Membranen (5) so ausgeformt 

. ist. daB sie.ein Rechteck oder ein Quadrat darstellt <o 
und abgestutzt ist durch faltenbaigahnliche Rinnen 
(27), die an zwei einander entgegengesetzten Sei- 
ten Oder an vier Seiten dieses Rechteckes oder die- 
ses Quadrates ausgeformt sind. 

45 

Bi Tintenstrahlaufzeichnungsgerat nach einem der 
Anspruche 1 bis 4, dadurch gekennzeichnet, daB 
jede dieser Membranen (5) so ausgeformt ist, daB 
sie ein Rechteck oder ein Quadrat bildet. wobei 

eine Seite von diesen abgestutzt ist wie ein Ausle- so 
ger und wobei isolierende Tinte verwendet wird als 
diese tinte. 

7. Tintenstrahlaufzeichnungsgerat nach einem der 
vorstehenden Anspruche, dadurch gekennzeich- 55 
net, daB diese Elektroden (31) derart angeordnet 
sind. daB ein Paar von ersten und zweiten Elektro- 
den fur jede dieser Membranen (5) ausgebildet ist. 



wobei diese erste Elektrode (31) innerhalb einer 
Vibrationskammer (9) angeordnet ist. die unmittel- 
bar unter dieser Membrane (5) vorgesehen ist. 
wobei diese zweite Elektrode (33) auBerhalb dieser 
Vibrationskammer (9) angeordnet ist. sowie 
dadurch gekennzeichnet ist, daB ein Schwingkreis 
vorhanden ist. um elektrische Impulse entgegenge- 
setzter Polaritat alternierend an diese zwei Elektro- 
den (31. 33) anzulegen. 

8. Tintenstrahlaufzeichnungsgerat nach einem der 
Anspruche 1 bis 6. dadurch gekennzeichnet, daB 
zwei Elektroden (31) innerhalb einer Vibrations- 
kammer (9) an jeder Merhbralne (5) angrenzend 
angeordnet sind. 

9. Tintenstrahlaufzeichnungsgerat nach einem der 
Anspruche 1 bis 6. dadurch gekennzeichnet, daB 
Metallelektroden entsprechend korrespondierend 
in diesen Membranen derart angeordnet sind. daB 
diese Metallelektroden diesen Elektroden (31) 
gegenuberliegen. 

10. Tintenstrahlaufzeichnungsgerat entweder nach 
Anspruch 7 oder nach Anspruch 8, dadurch 
gekennzeichnet, daB diese Vibrationskammern 
mit der Umgebungsluft Ober Luftkanaie kommuni- . 
zieren. 

11. Tintenstrahlaufzeichnungsgerat nach einem der 
Anspruche 1 . 2. 3. 4. 7, 8 oder 9. dadurch gekenn- 
zeichnet, daB die Elektroden (31. 31 a. 31b) ent- 
sprechend in den konkaven Abschnitten (25. 29) 
der Silikon- oder unteren Substrate (2. 3) angeord- 
net sind. 

12. Tintenstrahlaufzeichnungsgerat entweder nach 
Anspruch 1 oder nach Anspruch 2. dadurch 
gekennzeichnet, daB diese Dusen (4) mit gleichen 
Intervallen in einem Endabschnitt von diesem Sili- 
konsubstrat (2) angeordnet sind. 

13. Tintenstrahlaufzeichnungsgerat nach einem der 
Anspruche 1 bis 10. dadurch gekennzeichnet, 
daB die Dusen6ffnungen (4) mit gleichen Interval- 

. len in dem obersten Substrat. (1.) angeordnet sind, 
und zwar jede oberhalb einer entsprechenden Aus- 
stoBkammer (6). 

14. Verfahren zur Kerstellung eines Tintenstrahlkopfes 
fur ein Tintenstrahlaufzeichnungsgerat. wobei das 
Verfahren die Schritte aufweist: 

anisotropes Atzen eines Silikonsubstrates (2) 
auf einer ersten Oberflache davon. um eine 
Vielzahl von konkaven Abschnitten (22. 24) 
auszubilden, wobei deren Stege eine Vielzahl 
von AusstoBkammerh (6). die als Membranen 
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(5) dienende Bodenwandungen aufweisen, 
einen gemeinsamen Hohlraum (8) sowie Rin- 
nen (23). die als Tinteneiniasse (7) dienen, 
bestimmen. wobei die Anordnung derart aus- 
gestaltet ist. daB an der Vielzahl von diesen 
Rinnen (23) zwischen einem Ende ,von jeder 
AusstoBkammer (6) und dem gemeinsamen. 
Hohlraum (8) kommunizieren; 
Befestigen eines ersten isolierenden Substra- 
tes an dieser ersten Oberfiache des Silikon- 
substrates (2). und 

Ausbilden von Elektroden (1) auf einer ersten 
Oberfiache eines zweiten Isolierenden Sub- 
strates (3) sowie Verbinden dieses zweiten iso- 
lierenden Substrates (3) mit dei- Oberflache 
des Silikonsubstrates (2). und zwar derart der 
ersten OberflSche gegenuberiiegend, daB 
diese Elektroden (31) zu den Membranen (5) 
weisen, wobei eine Lucke (c) dazwischen vor- 
handen ist. 

15; Verfahren nach Anspruch 14. gekennzeichnet 
durch den weiteren Schritt des anisotropischen 
Atzens des Silikonsubstrates (2) auf seiner Oberfia- 
Che. und zwar entgegengesetzt dieser ersten Ober- 
f lache sowie f luGhtend mit diesen AusstoBkammern 
(6), um Vibrationskammern (9) unterhalb dieser 
Membranen (5) auszuformen. 

16. Vertahren nach Anspruch 14 pder nach Anspruch 
15. dadurch gekennzeichnet, daB dieses zweite 
isblierende Substrat (3) einen konkaven Abschnitt 
(29) aufweist. auf dem diese Elektroden (31) aus- 
geformt sind. 

17. Verfahren nach einem der' Anspruche 14 bis 16. 
gekennzeichnet durch den weiteren Schritt des 
Ausblldens einer isolierenden Schicht (34) auf die- 
sen Elektroden (31). 

18. Verfahren nach einem der Anspruche 14 bis 17, 
dadurch gekennzeichnet, daB der Schritt des ani- 
sotropischen Atzens dieser ersten Oberfldche auf 
diesem Silikonsubstrat des weiteren umfaBt das 
Ausbilden von Dusenrinnen (21), die mit gleichen 
Intervallen auf dieser ersten OberflSche ausgebil- 
det sind und mit diesen konkaven Abschnitten (22) 
in Verbindung stehen sowie eine Kante dieses Sili- 
konsubstrates (2) bei den Dusenbffnungen (4) 
kreuzen. 

19. Verfahren nach einem der Anspruche 14 bis 17. 
dadurch gekennzeichnet, daB die Dusenoffnun- 
gen (4) mit gleichen Intervallen auf diesem ersten 
isolierenden Substrat (1) angeordnei sirid." wobei 
jede Dusenoffnung (4) oberhalb einer entsprechen- 
den AusstoBkammer (6) angeordnet ist. 



20. Verfahren nach einem der Anspruche 14 bis 17. 
dadurch gekennzeichnet, daB dieses zweite iso- 
lierende Substrat (3) mit der Oberfiache des Sili- 
konsubstrates (2) der ersten Oberfiache 
5 gegenuberiiegend mittels eines anodischen Verbin- 

dungsprozesses verbunden ist. 

Revendications 

TO 1. Dispositif d'enregistrement a jet d'encre compre- 
nant une tete a jet d'encre forniee en stratifiant au 
moins trois substrats (1. 2. 3) et ayant une pluralite 
d'ouvertures de buses (4), une pluralite correspon- 
dante de chambres d'ejection (6) respectivement 
75 en communication avec lesdites ouvertures de 
buses (4). par ou les gouttes d'encre sont ejectees 
sous reff et de la deformation d'un diaphragme (5) 
forme dans chacune desdites chambres d'ejection. 
et des moyens d entralnement (26) servant a defor- 
ce mer lesdits diaphragmes (5) par une force electros- 
tatique obtenue en appliquant une tension pulsee a 
ladite tete a jet d'encre. ledit dispositif etant carac- 
terise en ce qu1l comprend : 

25 un substrat en silicium (2. 2a. 2b) ayant au 

moins une pluralite de premieres portions con- 
caves (22) dont chacune constitue une partie 
de la ou de cheque chambre d'ejection (6). une 
deuxieme portion concave (24) constituant une 

30 partie d'une cavite d'encre commune (8) ser- 

vant a acheminer Tencre auxdites chambres 
d'ejection. et une pluralite de rainures (23). 
chaque rainure etant moins profonde que ladite 
premiere ou deuxieme portion concave, et 

35 jouant le role d'un orifice (7) entre ladite cham- 

■ bre d'ejection et ladite cavite d'encre commune 
: et 

un substrat superieur (1) et un substrat infe- 
rieur (3) fixes audit substrat en silicium. en for- 

4c mant ainsi ladite chambre d*ejection avec ladite 

cavite d'encre et lesdits orifices, et munis 
d'electrodes (3.1. 3la. 31b) placees en face 
desdits diaphragmes (5. 5a. 5b). dont chacune 
forme la partie de fond desdites portions con- 

45 caves, un espace (c) etant prevu entre les 

diaphragmes (5, 5a. 5bj et le substrat inferieur 
(3). 

2. Dispositif d'enregistrement k jet d'encre selon la 
so ■ revendication 1 . caracterise en ce qu'au moins un 

desdits substrats; superieur et inferieur, est d un 
type vitreux. 

3. Dispositif d'enregistrement a jet d'encre selon Tune 
55 ou I'autre des revendications 1 et 2. caracterise en 

ce que lesdites electrodes (31) sont recouvertes 
d'un film isolant (34). 
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4. Dispositif tfenregistrement k jet d'encre selon une 
quelconque des revendications precedentes. 
caracterise en ce que ledit substrat en siiicium est 
constitue par.des premier et deuxierne substrats de 
siiicium (2a,2b) fixes Tun a I'autre pour former ladite 5 
chambre d'ejection. et caracterise en outre en ce 
que les substrats superieur et inferieur sent munis 
d'electrodes (31a. 31b) placees face aux diaphrag- 
mes (5a. 5b) en laissant un espace entre elles et 
ces diaphragmes. 10 

5. Dispositif d'enregistrement a jet d'encre selon une 
quelconque des revendications precedentes. 
caracterise en ce que chacun desdits diaphragmes 

(5) est de la forme d'un rectangle ou d un carre et t£ 
est supporte par des rainures (27) analogues a des 
soufflets formees sur deux cotes opposes ou sur 
ies quatre cotes dudit rectangle ou carre. 

6. Dispositif d'enregistrement a jet d'encre selon une 20 
quelconque des revendications 1. a 4. caracterise 

en ce que chacun desdits diaphragmes (5) est de la 
forme dun rectangle ou dun carre. dont un cote est 
supporte en.porte-a-faux. et on utilise de I'encre 
isolante pour ladite encre. 25 

7. ' Dispositif d'enregistrement a jet d'encre selon une 

quelconque des revendications precedentes. 
caracterise en ce que lesdites electrodes (31) sont 
prevues de maniere qu'une paire de premiere et 30 
deuxierne electrodes soiem formees pour chacun 
desdits diaphragmes (5). ladite premiere electrode 
(31) etant disposee a Hnterieur d'une chambre de 
vibration (9) prevue juste sous ledit diaphragme (5). 
ladite deuxierne electrode (33) etant disposee a 3S 
rexterieur de ladite chambre de vibration (9), et en 
ce quun circuit oscillant est prevu de maniere a 
appiiquer alternativement auxdites deux electrodes 
(31 . 33) des impulsions electriques opposees entre 
elles en polarite. 

8. Dispositif d'enregistrement a jet d'encre selon une 
quelconque des revendications 1 a 6. caracterise 
en ce que deux electrodes (31) sont disposees a 
I'interieur d'une chambre de vibration (9) prevue • 45 
adjacente a chaque diaphragme (5). 

9. Dispositif d'enregistrement a jet d'encre selon une 
quelconque des revendications 16 6. caracterise 

en ce que des electrodes metalliques sont prevues so 
respectivement dans lesdits diaphragmes de fagon 
correspondante de maniere que lesdites electrodes 
metalliques soient placees face auxdites electrodes 
(31). 

55 

10. Dispositif d'enregistrement a jet d'encre selon Tune 
ou I'autre des revendications 7 et 8. caracterise en 
ce que lesdites chambres de vibration (9) commu- 



niquent avec I'air a travers des passages d'air. 

11. Dispositif d'enregistrement 6 jet d'encre selon une 
■ quelconque des revendications 1,2.3. 4. 7. 8 ou 9. 

caracterise en ce que lesdites electrodes (31. 31 a. 
31b) sont prevues respectivement dans des por- 
tions concaves (25. 29) desdits substrats. le subs- 
trat en siiicium ou le substrat inferieur (2. 3). 

12. Dispositif d'enregistrement a jet d'encre selon Tune 
ou I'autre des revendications 1 et 2. caracterise en 
ce que lesdites buses (4) sont agencees a des 
intervalles egaux dans une portion d'extremite dudit 
substrat en siiicium (2). 

1 3. Dispositif d'enregistrement a jet d'encre selon une 
quelconque des revendications 1 a 10. caracterise 
en ce que lesdites ouvertures de buses (4) sont 
agencees a des intervalles egaux dans le substrat 
extreme superieur (1), chacune au-dessus d'une 
chambre d ejection respective (6). 

14. Precede pour produire une tete a jet d'encre- pour 
un dispositif d'enregistrement a jet d'encre. le pro- 
cede comprenant.les phases consistant a : 

graver un substrat en siiicium (2) anisotropi- 
quement sur une premiere surface de ce subs- 
trat pour former une pluralite de portions 
concaves (22. 24). dont les bords delimitent 
une pluralite de chambres d'ejection (6) ayant 
des parois de fond qui servent de diaphragmes 
(5). une cavite commune (8) et des rainures 
(23) servant dentrees d'encre (7). I'agence- 
ment etant te! qu'une pluralite desdites rainures 
(23) etabiissant la communication entre une 
extremite de chaque chambre d'ejection (6) et 
la cavite commune (8) ; 

fixer un premier substrat isolant a ladite pre- 
miere surface du substrat en siiicium (2). et 
former des electrodes (31) sur. une premiere 
surface d'un deuxierne substrat isolant (3). et 
fixer ledit deuxieme substrat isolant (3) a la sur- 
face du substrat en siiicium (2) qui est a 
ropppse de ladite premiere surface de maniere 

que lesdites electrodes (31) soient. plac6es 

face auxdits diaphragmes (5) en laissant un 
espace (c) entre elles et ces diaphragmes. 

15. Precede selon la revendication 14, comprenant en 
outre la phase consistant a graver le substrat en 
siiicium (2) anisotropiquement sur sa surface qui 
est a I'oppose de ladite premiere surface, en coinci- 
dence avec lesdites chambres d'ejection (6) pour 
former des chambres de vibration (9) au-dessous 
desdits diaphragmes (5). 

16. Procede selon la revendication 14 ou la revendica- 
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tion 15. dans lequel ledit deuxieme substrat isolant 
(3) a une deuxieme portion concave (9) sur laquelle 
lesdites Electrodes (31) sont formees. 

17. Proced6 selon une quelconque desTGvendications s 
14 a 16 comprenant en outre la phase consistant a 
former une couche isolante (34) sur lesdites elec- 
trodes (31). 

18. Procede sislon une quelconque des revendications io 
14 a 17. dans lequel ladite phase consistant a gra- 
ver ladite premiere surface du substrat en silicium 
anisotropiquement comprend en outre la formation 

de rainures de buses (21) agencees.a des interval- 
les egaux sur ladite premiere surface en communi- 75 
cation avec lesdites portions concaves (22) et qui 
coupent un bord dudit substrat en silicium (2) au 
droit des ouvertures de buses (4). 

19. Procede selon une quelconque des revendications 20 
14 a 17; dans lequel les ouvertures de buses (4) . 
sont agencees a des intervalles egaux dans ledit 
premier substrat isolant (1). chaque ouverture de 
buse (4) etant placee au-dessus dune chambre 
d'ejection (6) respective. 2S 

20. Procede selon une quelconque des revendications 
1 4 a 1 7, dans lequel ledit deuxieme substrat isolant 
(3) est fixe a la surface du substrat en silicium (2) 

qui est a Toppose de ladite premiere surface par 30 
une fixation anodique. 
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